The study aimed to use two culture algal Spirulina platensis, Anabaena azollae, Azolla pinnata and Pleurotus columbinus besides olive mill waste in controlling root knot nematode, Meloidogyne javanica in banana was monitored under both laboratory and commercial greenhouse conditions. Laboratory experiment revealed that high juvenile mortality percentage occurred during all the exposure periods of all treatments, the best results were after 72 hr exposure. Spirulina platensis followed by Anabaena azollae, Azolla pinnata, Pleurotus columbinus and olive watery extract significantly increased juveniles mortality up to 70%after 72h at the highest concentration of 1:10 (85.2, 81.4, 79.9, 73.5, 71.7 and 70.1%, respectively).
Introduction
Banana is a favorite commodity export for markets and local consumption and represents one of the most important and economic fruits in Egypt. Banana; Grand Naine' cultivar was studied under both field and in the high tunnel conditions. Root-knot nematodes, Meloidogyne spp., are among the most damaging nematodes in agriculture, causing an estimated US$ 100 billion loss/year worldwide Oka et al. (2000) . Root-knot nematode is a serious malady and causes significant losses in banana yield if not treated with nematicides. After hatching from eggs, second-stage juveniles invade roots of host plants and migrate intercellularly to differentiating vascular regions. The symptoms of nematode infection are the formation of root galls which result in growth reduction, nutrients and water uptake reduction, wilting increase and mineral deficiency, resulting in weak and poor yielding plants Abad et al. (2003) . Root-knot nematodes Meloidogyne incognita and Meloidogyne javanica occur on banana and plantain roots wherever this crop is grown.
Application of chemical nematicides has been found as an effective measure for controlling nematodes but they have toxic residual effect on the environment particularly on non-target organisms and human health. In addition, the use of chemical nematicides is prohibited in organic farming. Therefore, there is an urgent need to develop alternative environmental safe strategies for controlling nematodes Anastasiadis et al. (2008) . During the last decades, research on nematode control was focused on proposing strategies for the inhibition of egg hatch Westcott and Kluepfel (1993) , degradation of hatching factor Oostendrop and Sikora (1989) or production of metabolites Meadows et al. (1989) . Recently, one of the biological control practices attempted is the study of the nematicidal potential of cyanobacterial culture filtrates that parasitize plant-parasitic nematodes Khan et al. (2005) .
Blue-green algae (Cyanobacteria) are distributed world-wide and contribute to the fertility of many agricultural ecosystems, either as free-living organisms or in symbiotic association with the water-fern Azolla Fay (1983). Azolla, a dichotomously branched free floating aquatic fern, is naturally available mostly in the tropical belt of India. The dorsal lobe which remains exposed to air has a specific cavity containing its symbiotic partner, a blue green algae Anabaena azollae. Abundant growth of Azolla not only makes a useful addition of combined nitrogen to the ecosystem but can also provide a 'green manure'. Azolla pinnata was found as a very effective agent for normal growth of root and shoot with half-standard dose of mustard oil cake. Both of these agents together created resistance to plants and toxic materials might suppress the nematode activity of galling by M. javanica Tahmid et al. (2002) .
Cyanobacteria that excrete a great number of substances have been reported to benefit plants by producing growth-promoting regulators (PGPR), vitamins, amino acids, polypeptides, antibacterial and antifungal substances that exert phytopathogen biocontrol, and polymers, especially exopolysaccharides, that improve soil structure and exoenzyme activity Zaccaro et al. ( 2001) . In productivity greenhouse experiment, the combination of mixing five algal culture filtrates of S. platensis, Oscillatoria sp., A. oryzae, N. muscorum and P. fragile with A. pinnata aqueous extract filtrate and compost extract achieved the highest reduction in the number of the 2 nd stage juveniles in soil, the numbers of galls, developmental stages, females, egg masses, egg numbers/egg mass in roots of cucumber plants comparing with the individual treatment and the non treated control. In addition, all combinations significantly improved fresh weight of roots and shoots and increased the plant yield This investigation aimed to evaluate the efficacy of Spirulina platensis, Anabaena azollae, Azolla pinnata, Pleurotus columbinus and olive mill waste water on root knot nematode, Meloidogyne incognita activity in vitro under laboratory conditions to select the most promising results to be applied in controlling M. javanica in banana plants under productivity greenhouse conditions. 
Materials and Methods

Preparation of algal culture filtrates, Azolla pinnata, Pleurotus columbines and olive mill waste water
After 30 days of incubation, each algal biomass was separated from its culture medium by filtration. The growth parameters of algal cultures filtrates were determined Table 2 . Pleurotus columbinus was mixed in an electric mixer and Azolla pinnata was harvested from the culture medium and mixed well with distilled water (1:2 w/v) using an electric mixer, then filtered to obtain the fresh biomass aqueous extract. The growth parameters of Azolla pinnata fresh biomass and aqueous solution are presented in Table 2 . The algal culture filtrates, pleurotus and Azolla fresh biomass aqueous extract (50%), 10 % concentration of olive mill waste water were kept at 4  C. 
Soil biological activities
Determination of culture growth parameters
Culture growth parameters, pH values and algal dry weight were estimated according to Vonshak (1986) . Culture concentrations were determined as optical density (OD) by spectrophotometer at 560 nm Leduy and Therien (1977). Electric conductivity (EC) of algal culture filtrates was measured using glass electrode conductivity meter Model Jenway 4310. For studying the efficacy of Spirulina platensis culture filtrates, Azolla pinnata, Anabaena azollae, olive mill and Pleurotus columbinus on M. javanica juveniles in vitro, 1 ml of each treatment at three concentrations (1:10,1:25, 1:50) of the prepared stock filtrates was added separately to 1 ml of nematode suspension containing 100 juveniles in glass vials. The numbers of active and non-active juveniles were examined and counted microscopically after 24, 48 and 72 hours. New blue R (0.05% aqueous solution), potassium permanganate (0.062-0.50% KMnO4 in aqueous solution) and chrysoidin were used to stain dead nematodes Barker et al. (1985) .
The treatments were as follows:
1. Spirulina platensis.
2. Azolla pinnatae.
3. Olive mill waste water. 4. Anabaena azollae.
5. Pleurotus columbinus. 6. Oxamyl (vydate).
Efficacy of S. platensis, A. azollae, A. pinnata, olive mill and P. columbinus individually and/or in combination on banana infected by M. javanica under productivity greenhouse conditions
This experiment was conducted under productivity greenhouse conditions of (Gezerat El Dahab) Giza Governorate, during the summer season of 2013. The soil texture was clay loamy, soil pH in water suspension (l:2.5) was 7.5 and EC of soil paste at 25 o C was 1.3 ds.m -1
AOAC (1980).
Banana plants, cv. Grand Naine', were cultivated in nine productivity greenhouses in soil naturally infested with M. javanica. Each productivity greenhouse was divided into 5 ridges (40 meters in length and 1 meter in width) at a spacing of 45 cm between plants within the row. Drip irrigation was used. The treatments were fourteen, each applied to three rows and the last three rows were left without treatment (nematode only) to serve as control. All treatments were applied at the rate of 25ml.m -2 , as soil drench added twice, after 7 and 21 days. Plants were carefully uprooted fruits were weighed after four months. Thereafter, the number of juveniles per 250 g soil and nematode populations in roots were counted according to Franklin and Goodey (1957 
Statistical analysis procedure
All obtained data were subjected to analysis of variance (ANOVA) Gomez and Gomez (1984) and means were compared by using L.S.D. at 5 % level of significance. S. platensis, A. azollae, A. pinnata, olive mill and P. columbinus on the activity of M. javanica juveniles under laboratory conditions Data in Table 3 illustrate that treatment filtrates had various degrees of effectiveness toward the mortality percentages of nematode juveniles. Moreover, the percentage of mortality increased with increasing the concentration and exposure period. Spirulina platensis (1:10) recorded the highest mortality percentages of nematode juveniles of 79.5, 82.3 and 85.2 after 24, 48 and 72 hrs exposure time, respectively. Anabaena azollae, Azolla pinnata and Pleurotus columbinus ranked in the second level in nematode juveniles mortality % at 1:10 during all exposure periods. Treatments showed lethal effect on nematode juveniles and the mortality percentages were over 70 after 72 hours except olive extract which achieved 71.7%. By increasing the exposure period to 72 hrs. the mortality percentages raised to 85.2, 81.4, 79.9, 73.5, 71.7 and 70.1%, respectively with Spirulina platensis, Anabaena azollae, Azolla pinnata, Pleurotus columbinus and olive mill. On the other hand, olive extract had the lowest effect on nematode juveniles percentage (71.7) at 1:10 by the end of the exposure period (72 hrs.). High mortality percentages recorded for nematode juveniles exposed to the algal culture filtrates may be due to the presence of some phenolic compounds and mineral salts that facilitate and accelerate the rate of penetration of algal byproducts through snail's skin, hence increasing their harmful effects Mahmoud (2001) Presence of high quantities of acrylic acid in Spirulina was substantiated at the end of the seventies. This substance shows anti-microbial activity, at a 2 mg/l of biomass concentration. Propionic, benzoic and mandelic organic acids were also found Lee ( S. platensis, A. azollae, A. pinnata, P. 
Results and Discussion
Efficacy of
columbines and olive mill on banana infection by M. javanica under productivity greenhouse conditions
Data in Table 4 reveal that the combination of S. platensis, A. azollae, A. pinnata, P. columbines and olive mill resulted in the lowest final population of M. javanica (PF) compared with the other treatments, whereas the highest final population of M. javanica was associated with the individual treatment of olive mill only after two, three months of application. The combination of S. platensis, A. azollae, A. pinnata, P. columbines and olive mill induced resistance in banana roots against M. javanica. Results were achieved by Khan et al. (2005) , who suggested that the application of algal filtrate helped the plant to resist nematode attack or may played a direct role in the plant defense mechanism. Microorganisms and compounds of microbial origin have been found to induce defense responses and/or resistance in plants towards pathogens. Also, Shawky et al. (2009) reported that in the productivity greenhouse experiment, the combination of five algal culture filtrates of S. platensis, Oscillatoria sp., A. oryzae, N. muscorum and P. fragile with A. pinnata and compost extract achieved the highest reduction in the number of the 2 nd stage juveniles in soil, the numbers of galls, developmental stages, females, egg masses, egg numbers/egg mass in roots of cucumber plants comparing with the individual treatment and the non treated control
The efficacy of S. platensis, A. azollae, A. pinnata, P. columbines and olive mill in comparison with oxamyl were tested under productivity greenhouse conditions in an experiment lasted four months. Data in Table 4 showed that all tested treatments were effective in decreasing the final nematode population and rate of build-up of root knot nematode in both soil and roots. Total nematode population in both soil and root samples revealed the suppressive effect of all materials on the nematode counts. In general, the nematode counts decreased gradually in both soil and root of treated plants. All treatments decreased in the total nematode population ranging between 320 and 1680 one month after treatment in comparison to the control that reached 2400. Then, remarkable suppression in nematode counts obtained after three months in both soil and root samples. The combination of S. platensis, A. azollae, A. pinnata, P. columbines and olive mill resulted in the highest decrease in the total number of nematodes in both soil and root samples as soil application and the highest efficacy treatments reached to 86 % after the three months in comparison with the other treatments after the oxamyl treatment that reached 89 % while, olive mill was the lowest efficacy treatment that reached 63% after the three months. These results agree with Treatments of S. platensis, A. azollae, A. pinnata aqueous extract filtrate, P. columbines and olive mill waste water in single and/or in combined applications caused remarkable decreases in the number of root galls under greenhouse conditions. Fig. 1 shows that the combination treatment of S. platensis, A. azollae, A. pinnata aqueous extract filtrate, P. columbines and olive mill waste water resulted in the lowest number of root galls, whereas, the individual treatment of olive extract showed the highest number of root galls compared to the other treatments. The same trend was obtained with number of developmental stages, females, egg masses and eggs numbers/root. Yield of banana plants infected with M. javanica in the productivity greenhouse is shown in Fig. 2 . The yield was the highest with the combination of S. platensis, A. azollae, A. pinnata aqueous extract filtrate, P. columbines and olive mill waste water 47 % over control, while, the individual treatment of olive mill waste water recorded the lowest percentage increase 10. Liu et al. (2008) found that the stimulation of plant growth by using compost + compost tea or seaweed extracts may be attributed to the combined effect of compost, compost tea (which contains humic acids, vitamins, amino acids and both macro and micro nutrients which enhanced cucumber growth) and seaweed extracts which contain some growth regulators such as cytokinins, auxin and gibberellins. mentioned that, in the productivity greenhouse experiment, the combination of five algal culture filtrates of S. platensis, Oscillatoria sp., A. oryzae, N. muscorum and P. fragile with A. pinnata aqueous extract filtrate and compost extract achieved the highest reduction in the number of nematodes and in roots of cucumber plants comparing with the individual treatment and the non treated control. In addition, all combinations significantly improved fresh weight of roots and shoots and increased the yield of cucumber plants.
Biological and chemical analyses of M. javanica infected soil remaining after banana harvesting
The remaining soil after banana harvesting was analyzed to record the changes in soil biological and chemical conditions due to the different treatments in the productivity greenhouse experiment. Generally, all the combined treatments enhanced soil biological activity than the individual ones Table 5 . The superiority of biological activity of the soil was due to the synthetic nematicide; (oxamyl). The combined treatment of A. azollae + S. platensis +A. pinnata + P. columbinus + olive mill revealed the highest soil biological activity compared with other treatments. All treatments affected significantly the biological activity of the soil, Table 5 .
It could be noticed that dehydrogenase and nitrogenase activities, as well as CO2 production, in all treatments were higher compared to control. The maximum microbial activity was achieved by the chemical pesticide followed by combined effect of biofertilizer with olive mille as soil organic amendment. While, the changes of biological activity in root rhizosphere were greatly fluctuated among the other treatments, Moreover, the application of both Azolla and cyanobacteria enhanced the soil microbial activity. Obtained results are in line with those found by Waseem et al. (2012) who reported biological health of the soil due to application of Azolla has resulted in improving mineralization and consequent increase microbial status of the soil. Also, cyanobacteria promoted establishment of microbial population, increased organic matter and nutrient content and soil stability Acea et al. (2003) . The blue green algae positively affected plant characteristics which led to improve in yield and fruit quality of banana trees. These results are in agreement with those obtained by Mahmoud et al. (2007) , who reported that cyanobacteria combined, with organic amendments significantly enhanced the soil biological activity represented by dehydrogenase, nitrogenase and phosphatase activities. Also, Shawky et al. (2009) said that in the productivity greenhouse experiment, the combined treatment of mixed algal culture filtrates + A. pinnata aqueous extract filtrate + compost extract significantly enhanced the soil biological activity in terms of total bacterial count, total cyanobacterial count, CO 2 evolution, dehydrogenase and nitrogenase activities.
It could be recommended that application of bio-control agents of mixed A. azollae + S. platensis+A. pinnata + olive mill waste water + P. columbinus as plant growth promoting substances to increase plant nutrients availability and has nematicidal effect to control root knot nematode in banana.
